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PREFACE 
3 a  i?-5-3 
The a b i l i t y  of t h e  balanced mixer t o  reduce l o c a l - o s c i l l a t o r  no ise  
i s  inves t iga ted  by comparing the  outputs of  a balanced and a s ingle-  
ended mixer when the  loca l -osc i l l a to r  s i g n a l  i s  summed wi th  and modulated 
by a ' s imula ted  noise  s igna l .  This comparison i s  made a n a l y t i c a l l y  as 
w e l l  as experimentally.  
and balanced mixers are compared experimentally f o r  t h e  cases where t h e  
l o c a l - o s c i l l a t o r  s i g n a l  i s  summed with and modulated by band-limited 
I n  addi t ion,  t he  outputs  of the  single-ended 
random noise .  It i s  shown i n  a l l  cases  t h a t  t he  balanced mixer 
s i g n i f i c a n t l y  reduces the amount o f  noise  i n  the  mixer output f o r  t h e  
two types of l o c a l - o s c i l l a t o r  noise s tud ied .  
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I. INTRODUCTION 
G. E. Clausen and M. A .  Honnell 
It has been known €or many years t h a t  no ise  l i m i t s  the  recept ion  
of weak r ad io  s igna l s .  
of t h e  broadcasting frequencies  i n  use  w e r e  below 30 megacycles p e r  
second, most r ad io  noise  came from atmospheric and man-made sources .  
Since the re  w a s  l i t t l e  t h a t  could be done t o  reduce the  no i se  from 
these  sources ,  t he  r ad io  designer  adapted h i s  s tandards t o  accept  it. 
As broadcast  f requencies  progressed above 30 megacycles per  
I n  the ear ly  days of r a d i o  when the  major i ty  
second it w a s  discovered t h a t  atmospheric and man-made noise  w e r e  
1 almost non-existant i n  t h e  h igher  regions of t h e  r a d i o  spectrum. 
However, i t  w a s  found t h a t  recept ion w a s  s t i l l  l imi ted  by noise ,  but  
from a d i f f e r e n t  source.  
receiver i t s e l f  l imi ted  t h e  recept ion of weak s i g n a l s .  
It w a s  found t h a t  no i se  generated by the  
Unlike atmo- 
spher ic  and man-made noises  the radio designer could do something 
about t h i s  source of noise.  
Receiver noise  comes from many sources s ince  a l l  elements w i th in  
a receiver generate  some degree of no ise .  However, s ince  near ly  
every s t age  of a receiver amplif ies  t he  output  of t h e  preceding s t age ,  
those sources  o f  no ise  c l o s e s t  t o  t h e  input  te rmina ls  are t h e  most 
imp o r  t ant . 
O f  the  var ious s tages  t h a t  are sometimes found a t  t he  input  of a 
receiver, t he  mixer o r  converter  s tage i s  one of t he  n o i s i e s t .  Mixer 
noise  comes pr imar i ly  from two sources: 
e l e c t r o n  cu r ren t s  w i th in  the  mixer and the  l o c a l - o s c i l l a t o r  c i r c u i t r y  
(1) random f l u c t u a t i o n s  of 
2 
which cause the l o c a l - o s c i l l a t o r  s i g n a l  t o  be amplitude modulated 
wi th  no i se ,  and (2) thermal a g i t a t i o n  of e l e c t r o n s  i n  the local-  
o s c i l l a t o r  output c i r c u i t  which adds noise  t o  the  l o c a l - o s c i l l a t o r  
s i g n a l .  E i the r  of these  no i se  s o u r c e s  can cause a considerable 
amount of no ise  i n  the m i x e r  output. This is p a r t i c u l a r l y  t r u e  
when these  noise  components a r e  such t h a t  they are separated from 
t h e  l o c a l - o s c i l l a t o r  s i g n a l  by an amount equal t o  p lus  o r  minus the  
intermediate frequency of t he  r ece ive r ,  s ince  they beat with the 
l o c a l - o s c i l l a t o r  s i g n a l  i n  t h e  mixer t o  give a noise  output a t  t he  
des i r ed  intermediate frequency. 
are employed i n  an e f f o r t  t o  reduce t h i s  no ise .  However, much of 
t h i s  no ise  can be reduced by using a r a t h e r  simple c i r c u i t  known as 
t h e  balanced mixer. 
Many complex and c o s t l y  techniques 
The balanced mixer c o n s i s t s  fundamentally of two non-l inear  
elements arranged i n  a balanced or push-pul l  arrangement as shown i n  
Figure 1. Although many o ther  configurations can be found i n  t h e  
l i t e r a t u r e ,  t he  p r i n c i p l e  of operation i s  s t i l l  b a s i c a l l y  the  same. 
The two non-linear elements are arranged so  t h a t  the l o c a l - o s c i l l a t o r  
vo l t ages  appl ied  t o  each of t h e  elements a r e  i n  phase while the signal 
vo l t ages  appl ied  t o  each of t h e  elements d i f f e r  i n  phase by 180 degrees. 
The l o c a l - o s c i l l a t o r  noise a r r i v e s  a t  the  two elements through the  
same c i r c u i t  a s  the l o c a l - o s c i l l a t o r  s i g n a l  and i s  the re fo re  of the  
same phase as the  l o c a l - o s c i l l a t o r  s i g n a l .  Since the  l o c a l - o s c i l l a t o r  
output i s  appl ied  t o  each element i n  phase, it produces output c u r r e n t s  
from each element t h a t  a r e  likewise i n  phase. I f  it i s  assumed t h a t  
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the elements are perfectly matched, the currents will also be of the 
same magnitude. It is seen from Figure 1 that the current presented 
to the intermediate-frequency load is proportional to the difference 
between these two currents. Thus, the currents produced by the local- 
oscillator and the noise components subtract and produce no output. 
Since the signal voltages appiied to each element are 180 degrees or;t 
of phase, the output currents from each element are also out of phase 
by 180 degrees. Thus, the modulation products due to the local- 
oscillator and signal currents add, producing an output at the desired 
intermediate frequency. The degree to which the local-oscillator 
noise is suppressed depends generally on how well the two non-linear 
elements are matched, although in some configurations such as the 
%agic Tee" and the "Short Slot Hybrid" this is not a critical 
fac tor. 2 3 
Although much is said about the advantages of the balanced mixer 
for reducing local-oscillator noise, little proof is given to support 
these ~ l a i m s . ~ , ~ , ~ , ~  
analytically as well as experimentally that the balanced mixer will 
substantially reduce the afore-mentioned types of local-oscillator 
noise. 
It is the purpose of this study to show 
11. ANALYSIS OF IME SINGLE-ENIIED DIODE MIXEX I N  THE PRESENCE 
OF LOCALOSCILIATOR NOISE 
The process by which mixing is accomplished depends fundamentally 
on t h e  use of some device whose output impedance varies i n  a non-l inear  
way wi th  t h e  appl ied  voltage such as a vacuum tube o r  a c r y s t a l  diode. 
If two s inuso ida l  vo l tages  of frequencies fs and f h  are applied 
t o  a single-ended diode m i x e r  as shown i n  Figure 2 ,  t h e  r e s u l t a n t  diode 
c u r r e n t  contains t h e  new frequencies nf, 5 m f h  where n and m are 
p o s i t i v e  i n t e g e r s ,  including zero.  Likewise i f  t he re  a r e  any a d d i t i o n a l  
frequencies accompanying the l o c a l - o s c i l l a t o r  frequency, f h ,  the 
r e s u l t a n t  diode c u r r e n t  conta ins  s t i l l  a d d i t i o n a l  frequencies as w i l l  
be shown, 
I f  it is  assumed t h a t  the non-linear c h a r a c t e r i s t i c  of t h e  diode 
can be reasonably expressed by the equat ion 
i D  = aoein + ale,, 2 
where a, and a1 are cons tan ts  of  the  p a r t i c u l a r  d iode , .and  
ein = E,com,t + Ehco-t , 
where as i s  t h e  s i g n a l  frequency and % is  the l o c a l  o s c i l l a t o r  
frequency, then the  l o c a l - o s c i l l a t o r  frequency is equal t o  cos plus  
the intermediate frequency. The r e s u l t a n t  diode c u r r e n t  i s  given by 
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i D  = ao(Escoswst + Ehc0-t)  + al(Escoswst + Ehc0-t)  2 . 
I f  t h i s  i s  expanded and the following triogonometric i d e n t i t y  i s  appl ied  
COSACOSB 1/2 COS(A + B) + COS(A - 1 
equat ion (2) becomes 
2 
i D  = ao(Escoswst + Ehc0-t)  + al cos2mst +-  
2 
+ E , E ~ C O S ( U ~  + %)t + E , E ~ C O S ( ~ U ~  - Q)t 
60 ] 2 
2 2 
EL0 + - cos%t + - 
which i s  seen t o  conta in  t h e  new frequencies 2fs ,  2 f h  and f, 5 f h .  
I f  i t  i s  assumed t h a t  the  tuned output c i r c u i t  f i l t e r s  out  a l l  but  t h e  
d i f fe rence  frequency, then  the desired output  c u r r e n t  suppl ied t o  t h e  
intermediate- frequency load i s  
io = a 1 k E s E ~ c o s ( u s  - %)t 
where k is  a cons tan t  of t h e  output transformer.  
(3)  
I 
1 
I 
E 
8 
I 
I 
8 
Suppose, however, that the local-oscillator signal has some noise 
component superimposed upon it such that the instantaneous local- 
oscillator output voltage is given by 
e h  = Ebc0-t + %cosco,t , 
where % represents one frequency component of the interfering, or 
noise, signal. (The noise may consist of a single frequency, a 
harmonically-related spectrum of frequencies, or random noise.) 
Then equation (1) can be written as 
iD = ao(Escomst + %co%t + Encomnt) 
+ al(Escosost + Ehc0-t + #co%t) 2 . 
If equation (5) is expanded, the output diode current is given by 
2 
iD = al(Escosw,t + Ehc0-t-t E+oqt) + a1 [ + cos2ust 
2 
2 
ES + -  + E,E~COS(U~ + Q)t + E,E~COS(U~ - Q)t 
+ E,~cos(u, + %)t + E,E,cos(u, - %)t + E ~ ~ C O S ( Q  + %)t 
9 
It i s  seen from t h i s  equation t h a t  the output cu r ren t  from the  diode 
conta ins  many new frequencies due t o  t h e  presence of t h e  noise;  however, 
t h e  output cu r ren t  presented t o  t h e  intermediate frequency load conta ins  
only t h e  d i f f e rence  frequencies as before and i s  given by 
Consider now the  case where the l o c a l - o s c i l l a t o r  s i g n a l  is  
modulated by some noise  vol tage  such t h a t  t he  output vo l tage  from t h e  
l o c a l - o s c i l l a t o r  i s  eLo = E h ( l  +- E, cosont)co%t; then equat ion  (1) 
EL0 
can be w r i t t e n  as 
En Escoswst + E h c o m b t  + - COS(% - cyl)t 
2 
+ -  En cos (wh  + %)t Escoscust + E L o c o q o t  
2 
I’ En + - cos(- - %)t + 5 cos(- + U Q t  . 2 2 
If t h i s  equat ion i s  expanded and f i l t e r e d  as i n  the  two previous c a s e s ,  
the output cu r ren t  supplied t o  the intermediate- frequency load i s  
10 
io = K a o  - EnELo cos(% - uJt + a l K  [ E s E h ~ ~ ~ ( " s  - 
2 
+ - EsEn cos(cos - CULo + %)t + - EsEn COS(% - c u b  - %It] . 
2 2 
It i s  seen by comparing equations (4), (7) and (9) t h a t  when 
the loca l -osc i l l a to r  output contains spurious frequencies i n  add i t ion  
t o  t h e  desired frequency, the  output of t he  single-ended mixer a l s o  
conta ins  spurious frequencies i n  addi t ion t o  the  des i red  intermediate- 
frequency . 
As is general ly  the  case w i t h  a l l  mixers, the  l o c a l - o s c i l l a t o r  
vol tage i s  much, much g rea t e r  than e i t h e r  the  s i g n a l  o r  t h e  accompanying 
noise  vol tages .  Thus, the  l a rges t  noise  producing terms i n  equations 
(7) and (9) a r e  those containing E L ~ ~ C O S ( Q  - %)t. This i s  not t o  
say t h a t  there  a r e  never exceptions when the noise  vol tage i s  l a rge r  
than t h e  l o c a l - o s c i l l a t o r  vol tage;  however, i n  most cases  the  noise  
voltage i s  small compared t o  the  l o c a l - o s c i l l a t o r  vol tage.  It may a l s o  
be noted t h a t  equations (7) and (9) conta in  add i t iona l  noise  terms be- 
s ides  Eb%cos(u]~o  - %)t. 
present  i n  the  mixer output unless the  noise  i s  a frequency less than 
BW/2, where BW = Bandwidth of the m i x e r  output  c i r c u i t s .  
noise frequencies a r e  such t h a t  they a re  separated from the  loca l -  
o s c i l l a t o r  by a frequency equal t o  the  intermediate-frequency, the  
However, i n  general  these  terms a r e  not 
Thus, i f  t he  
11 
single-ended mixer contains  a large noise output due t o  the previously 
mentioned term, EbE,cos(% - %)t. 
found t o  reduce or  e l i m i n a t e  t h i s  tern, the  s ignal- to-noise  r a t i o  at 
t h e  m i x e r  output would be g rea t ly  enhanced. It w i l l  be shown i n  the  
following chapter t h a t  the  balanced m i x e r  w i l l  g ive such an improvement. 
Therefore, i f  some way could be 
111. ANALYSIS OF THE BAUNCED MIXER I N  THE PRESENCE 
OF U>CALOSCILIATOR NOISE 
I n  Chapter I1 i t  i s  shown tha t  t he  output of t h e  single-ended 
mixer contains a considerable amount of no ise  when t h e  output of t h e  
l o c a l - o s c i l l a t o r  conta ins  no i se  sidebands about t h e  des i red  local- 
o s c i l l a t o r  s igna l .  
when these  noise  sidebands are separated from t h e  l o c a l - o s c i l l a t o r  
s i g n a l  by an amount equal t o  p lus  o r  minus the  intermediate frequency 
of the r ece ive r .  It w i l l  be shown i n  t h i s  chapter t h a t  the balanced 
mixer s i g n i f i c a n t l y  reduces t h i s  noise.  
It i s  a l s o  shown t h a t  t h i s  no ise  i s  g r e a t e s t  
If  it i s  assumed as i n  Chapter I1 t h a t  t he  t r a n s f e r  func t ion  of 
t h e  diode used i n  the  mixer can be expressed by 
- ‘ 2  iD - aoein + alein 
then the output cu r ren t  from diode D1  i n  Figure 1 is  given by 
E 
iD1 = a, [f c o w s t  + Ebc0- t  
2 
+-+-  
8 2 
E s  
2 
+-cos*t+-  E% 60 ] . 
2 2 
In  a s i m i l a r  manner t h e  output cur ren t  from diode D2 i s  shown t o  be 
13 
c o w s t  + Ebc0-t + a 1  - c o s b s t  1 
cos-t +- E L  ] +- 
2 2 
From Figure 1 it i s  seen t h a t  the output c u r r e n t  presented t o  t h e  
intermediate-frequency load i s  proportional t o  t h e  d i f f e rence  between 
the  cu r ren t  from diode D 1  and the c u r r e n t  from diode D2; thus 
io = b(iDl - i D 2 )  where b is  a constant of p ropor t iona l i t y .  
I f  equations (10) and (11) a r e  subs t i t u t ed  i n t o  equat ion (12) the 
output cu r ren t  seen by t h e  intermediate-frequency load becomes 
io = aob(Escoswst) + a l b  E s E ~ c ~ ~ ( ~ s  - Q ) t  [ 
1 + E , E ~ C O S ( U J ~  -I- ~ ) t  
which a f t e r  f i l t e r i n g  i s  f u r t h e r  reduced t o  
io = a1bE,E~cos(us  - Q)t . 
I f ,  however, i t  i s  assumed t h a t  there i s  a d d i t i v e  no i se  accompanying 
14 
the l o c a l - o s c i l l a t o r  s i g n a l ,  t h e  output cu r ren t  presented t o  t h e  
intermediate-frequency load is  found t o  be 
io = a lbEsE~cos (ws  - -)t + albEs&cos(ws - %)t . 
Likewise, f o r  t h e  case where t h e  l o c a l - o s c i l l a t o r  i s  modulated by 
no i se ,  t he  output c u r r e n t  i s  found t o  be 
io = a lbEsE~cos (ws  - %)t + a l b  - En% cos(cos - % - %)t 
2 
+ a l b  - En% cos(ws - % + s)t . 
2 
If equations (15) and (16) are compared wi th  equations (7) and 
(9),  it is  seen t h a t  t h e  balancedmixer  output does not conta in  
any term containing E n E ~ c o s ( u ~  - %)t which i s  shown i n  t h e  previous 
chapter  t o  be the  major no ise  producing term. Thus, t he  balanced 
mixer s i g n i f i c a n t l y  reduces the amount of no i se  present  i n  t h e  mixer 
output  when the l o c a l - o s c i l l a t o r  output conta ins  noise  sidebands,  
and as a r e s u l t  provides a h igher  output s igna l - to-noise  r a t i o  
compared t o  t h e  single-ended mixer. 
IV, EXPERIMENTAL RESULTS 
In order to demonstrate the reduction in mixer noise that is 
obtained with the balanced mixer, two separate measurement techniques 
are employed using the mixer circuits shown in Figures 3 and 4. 
measurement systems used are shown in the block diagrams of Figures 5 
and 6. 
The 
In the first technique the signal input to each mixer is a 35 
kilocycles per second continuous-wave (C-W) signal. The local- 
oscillator input is composed of a 50 kilocycles per second C-W signal 
which is alternately summed with, or modulated by, a simulated noise 
signal of 63 kilocycles per second which produced a beat signal at 
13 kilocycles per second. 
is chosen so that the beat between the noise and the local-oscillator 
signal differs slightly from the intermediate frequency of 15 kilo- 
cycles per second, thus allowing a comparison to be made. The output 
from the mixer being tested is observed on a Hewlett-Packard 302A 
Wave Analyzer at the frequencies determined from equations (7),  (9), 
(15) and (16). 
The frequency of 63 kilocycles per second 
The amplitude of the simulated noise is varied from a value near 
the amplitude of the input signal to a value near the amplitude of the 
local-oscillator signal. This is done to show the response of both 
the single-ended and the balanced mixer to various noise levels. 
In all cases the input signal is held constant at 30 millivolts 
while the local-oscillator signal is held constant at 3 volts. 
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The da ta  obtained from these measurements are shown i n  Tables I 
and 11. 
output  vo l tages  are a l l  normalized t o  t h e  output  vol tage a t  the  i n t e r -  
mediate-frequency i n  order  t h a t  a v a l i d  comparison can be made between 
t h e  outputs  of t he  single-ended and balanced mixers. 
each noise level that  the balanced mixer gives  a s i g n i f i c a n t  reduct ion  
i n  the  no i se  output  a t  13 k i locyc les  pe r  second compared t o  the  s ing le-  
ended mixer. It i s  a l s o  seen tha t  t he  noise  output  a t  the  o the r  
f requencies  ind ica ted  i n  equations (7), (9), (15) and (16) are i n  
each case s m a l l  compared t o  the  other  s i g n a l s  present  i n  the  output .  
These da ta  are a l s o  p lo t t ed  i n  Appendices A and B. The measured 
It i s  seen for 
It w a s  a l s o  des i red  t o  show the reduct ion  i n  mixer noise  when the  
no i se  s i g n a l  c o n s i s t s  of band-limited random noise  centered about a 
frequency displaced from the  l o c a l - o s c i l l a t o r  s i g n a l  by the intermediate- 
frequency. However, t he  output reading on the  wave analyzer  vol tmeter  
f luc tua ted  q u i t e  r ap id ly  making i t  d i f f i c u l t  t o  ob ta in  a v a l i d  reading. 
Thus, a second technique i s  employed i n  which the  input  t o  the  mixer 
c o n s i s t s  of a 65 Megacycle per  second C-W s i g n a l  while the loca l -  
o s c i l l a t o r  s i g n a l  i s  composed of a 35 Megacycle per  second C-W s i g n a l  
summed with and modulated by band-limited random noise  centered about 
5 Megacycle pe r  second. 
1 8 M  Spectrum Analyzer. 
The output spectrum i s  observed on a Lavoie 
The r e s u l t s  obtained using t h i s  technique are shown i n  Figures  7 
through 10. It i s  seen aga in  t h a t  t he  balanced mixer gives  a s i g n i f i -  
can t  reduct ion  i n  t h e  amount of noise present  i n  the mixer ou tput .  
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FIGURE 7 ,  OUTPUT FROM THE SINGLE-ENDED MIXER WITH RANDOM N O I S  
ADDED TO THE LOCAL-OSCILLATOR SIGNAL 
FIGURE 8 ,  OUTPUT FROM THE BALANCED MIXER WITH RANDOM NOISE 
ADDED TO THE LOCAL-OSCILLATOR SIGNAL 
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FIGURE 9 OUTPUT FROM SINGLE-ENDED MIXER WITH LOCAL-OSCILLATOR 
SIGNAL MODULATED BY RANDOM NOISE 
FIGURE IO.  OUTPUT FROM BALANCED MIXER WITH LOCAL- OSCILLATOR 
SIGNAL MODULATED BY RANDOM NOISE 
V. CONCLUSION 
It i s  Shawn i n  Chapter 111 t h a t  i n  theory the balanced mixer 
e l imina tes  those term containing # E ~ c o s ( ~  - %)t from t h e  
m i x e r  output.  It i s  a l s o  shown t h a t  these terms are the major no ise  
producing terms when t h e  frequency of t h e  no i se  accompanying t h e  local-  
o s c i l l a t o r  i s  such t h a t  it i s  separated from t h e  l o c a l - o s c i l l a t o r  
s i g n a l  by an amount equal t o  t h e  intermediate frequency. 
it is shown i n  the da t a  of Figures 7 through 10 and A 1  through B10 
t h a t  i n  r e a l i t y  these  terms are not completely eliminated as w a s  pre- 
d i c t ed ,  but are ins tead  reduced t o  a r e l a t i v e l y  low value i n  most 
cases  when compared t o  the  desired in te rmedia te  frequency. 
due t o  the  fact  t h a t  even though matched diodes are used i n  the  
m i x e r s  s l i g h t  unbalances s t i l l  e x i s t  i n  t h e  o the r  c i r c u i t r y .  
ever, small unbalances w i l l  not se r ious ly  a f f e c t  t h e  mixer performance 
s ince  t h e  noise  i s  s t i l l  reduced to  a r e l a t i v e l y  i n s i g n i f i c a n t  l e v e l  
as seen  from t h e  p l o t t e d  da t a .  
Experimentally 
This is  
How- 
Thus, i t  i s  shown both a n a l y t i c a l l y  and experimentally t h a t  
t he  balanced mixer provides a s i g n i f i c a n t  reduct ion  i n  loca l -  
o s c i l l a t o r  no i se  compared t o  t h e  single-ended mixer f o r  t he  two cases 
studied: 
modulated by noise and t h e  case where noise  i s  added t o  the  loca l -  
o s c i l l a t o r  s i g n a l .  
namely, f o r  t h e  case  where the  l o c a l - o s c i l l a t o r  s i g n a l  is 
The mixers used i n  t h i s  study are diode mixers and the a n a l y t i c a l  
work i s  the re fo re  based on t h e  use of diode mixers. However, us ing  
26 
techniques similar to the ones presented here it can be s h m  that 
in general the overall results of this study will apply to any 
balanced mixer configuration (i.e., triodes, pentodes, etc.). 
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APPENDIX A 
NORMALIZED OUTPUT VS. FREQUENCY CURVES FOR CASE WHEW 
TO IDCALOSCILLATOR SIGNAL 
SIMUIATED 63 KITBCYCLES PER SECOND NOISE IS ADDED 
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FIGURE A2. OUTPUT FROM BALANCED MIXER WITH E, *SOrnillivolt, 
ADDED TO LOCAL-OSCILLATOR SIGNAL) 
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FREalsNcr-KUM;YQLS 
FlGUREA3. OUTPUT FROM SINGLE-ENDED MIXER WlTH ~=100millivdts 
(EN AmEo To LocAL-osuLLm OUTPUT) 
i FREOUENCY-KILOCYCLES 2'8 
FIGUREAAOUTPUT FROM BALANCED MIXER WITH EN =100millivolts 
(E, ADDED TO LOCAL OSClLLLlTOR OUTPUT) 
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E, -3omv 
E, = 3 v  
FIGUREA6. OUTPUT FROM BALANCED MIXER WITH E, '0.5vdt~ 
(E, ADDED TO LOCAL-OSCILLATOR OUTPUT) 
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Es =xhmr 
qo= 3v 
FIGURE A7. OUTPUT FROM SINGLE-ENDED MIXER Wi lH  E, =lDvdt 
(E, ADDED TO 
- 
LOCAL OSclllAToR m) 
E, =30mv 
E,=3v 
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FIGURE AB. OUTPUT FROM BALANCED MIXER WITH 45 =I.Ovott 
(EN ADDED TO LOCAL OSCILLAmR OUTPUT) 
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FIGURE A90 OUTPUT FROM SINGLE-ENDED MIXER WITH EN=2JDvOltS 
(E, ADDED TO LOCAL-OSCILLATOR OUTRJT) 
FIGURE A n *  OUTPUT FROM BALANCED MIXER WITH ENz2.0 volts 
(E, ADDED TO LOCAL- OSCILLATOR OUTPUT) 
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APPENDIX B 
NORMALIZED OUTPUT VS. FREQUENCY CURVES FOR CASE WHERE 
S’IENZATED 63 KILOCYCLES PER SECOND NOISE MODULATES 
LOCALOSCILIATOR SIGNAL 
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FIGURE 81. OUTPUT FROM SINGLE-ENDED MIXER WITH EN =60milivoltr 
(LOCAL OSCILLNOR MODULATED LESS THAN 5% BY EN) 
2. I Es =30mv Em=3v 
FIGURE 82 , OUTPUT FROM BALANCED MIXER WITH EN =60miItivolts 
(LOCAL OSCILLATOR MODULATED LESS THAN 570 By 4) 
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FtGUREB3. OUTPUT FROM 
(LOCAL OSClLLmoR MO[)ULATED l@/o BY EN) 
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FIGURE 84. OUTPUT FROM BALANCED MIXER WITH EN = O S  ~ t t s  
(LOCAL OSCILLATOR MODULATED IO% BY EN I 
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FREQENCY-KILOCY CES 
FIGURE 85 . OUTPUT FROM SNGLE-ENDED MIXER wml EN=I.O Votl 
(LOCAL OSCILLAIOR MODULATED 20% BY EN) 
FIGURE 6 6 .  OUTPUT FROM 
FREQUENCY -KILOCYCLES 
BALANCED MIXER WITH E~=l.Ovol t 
(LOCAL OSCILLATOR MODULATED 20% BY E N )  
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E, =30m 
E, = 3 v  
FIGURE 6 7 .  OUTPUT FROM SINGLE-ENDED MIXER WITH e3.0 wits 
(LOCAL OSCULFTOR MOWLAED 60% BY 
I 
13 ' FREQUENCY-KILOCYCLES 
FIGURE Be. OUTPUT FROM BALANCED MIXER WITH ENz3.0 volt8 
(LOCAL OSCILLATOR MODULATED 60% BY EN) 
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FIGURE B9.  OUTPUT FROM SNGLE-ENDED MIXER WITH E"5.3 volts 
o(;AL OSCILLATOR MOOULATED Kx)% BY EN) 
FIGURE BIO. OUTPUT FROM 
' FREQUENCY-KILOCYCLES 
BALANCED MIXER WITH E ~ ~ 5 . 3  v d t ~  
(LOCAL OSCILLATOR MODULATED lO0Of0 BY EN) 
